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Today’s Topics and Presenters

• Ecological perspective

 Dave Hedeen

Ecology Section Manager

• Design perspective
 Sam Woods, PE

Assistant State Roadway Design Engineer

• Q&A moderator
 Christina Schmidt

Atkins Senior Scientist



Housekeeping

• “Anonymous” attendees will not show up on the 

engagement report
 Joiners via the application are signed into Teams so name 

will be recorded

 Joiners via the web will be prompted to add name or join 

anonymously – please add your name

• Microphones are muted

• Questions via the moderated Q&A box

• Questions will be fielded after presentations

• Type in questions at anytime, no need to wait



Recording

• Session is being recorded
 Will be posted on GDOT’s Recent Training webpage

• Two (2) PDH/CEU’s available for those attending 

the live session this morning

• Email Gail D’Avino (gdavino@dot.ga.gov) to 

request a certificate by Friday July 30 – include
 Name as you would like it to appear

 Name of your employer



Training Objectives

 Following attendance at this session, project managers, designers and 
environmental staff will understand:

 USACE’s Regional Conditions on perennial stream culverts

 The concept of bankfull width: definition, methodology, relevance to design

 Project delivery implications for projects with perennial stream culverts

 How to design a culvert that complies with the Regional Conditions

 How to address perennial stream culvert requirements, including diagrams, in 

Section 404 permit applications
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USACE Culvert Conditions 2021

 Final 2021 Savannah District 
Regional Conditions for NWPs 
published March 8, 2021

 Found under Public Notices 

 Per USACE’s direction, Culvert 
Conditions (pages 6 – 10) should 
be applied to NWPs, RPs, and IPs



Revised Culvert Conditions (2021)

 Developed collaboratively

 Improved organization/clarity 
of conditions

 Separated new/replacement 
culverts from culvert 
extensions

 Updated diagram requirements 
and examples

 Applicable to NWPs, RPs, IPs

 GDOT guidance forthcoming

 Implementation is the key!



Revised Culvert Conditions (2021)

New & Replacement Culverts

A. Conditions

1.Culvert Size
2. Culvert Embedding

3. Culvert Slope
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Revised Culvert Conditions (2021)

New & Replacement Culverts

B. Diagrams

1. Plan View 

2. Longitudinal Profile -
Existing

3. Longitudinal Profile –
Proposed

4. Representative Cross-
Section

5. Cross-Sections of 
Proposed Inlet/Outlet
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Implementation is the key

 Guidance Now…and Later
 Reactive  Proactive

 Data collection

 Coordination 

 Internal guidance

 Permit submittals  Tell the Story!

 USACE Working Group
 Programmatic and Project-Oriented



USACE Culvert Conditions - Implementing

 Field Data Collection 

 Coordination with Design

 Ongoing Projects

 Tips for Permit Applications 



USACE Culvert Conditions – Field Data Collection

 New Projects  Resource ID, Perennial Streams

 1-2 Representative Channel Locations per Stream

 Bankfull width/max depth measurements

 GPS point 

 Photos – representative 

 Existing Culverts (per latest JCP/report template)

 Photos of inlet/outlet

 Aquatic passage documentation (e.g., perching, 
over or undersized culvert, flow condition, etc.)

 Any other relevant notes/photos that provide context 
for the watershed (e.g., beaver activity, 
impoundments, etc.)



USACE Culvert Conditions – Field Data Collection

 Identifying Representative Channel Locations

 USACE Conditions: 
 “shall be measured, if possible, at a stable riffle or ripple [sand-bed dominated 

streams] located within and/or directly adjacent to the project area”

 “shall be measured away from the influence of the existing culvert (usually 100’ 
upstream and/or 100’ downstream)  use professional judgement, survey 
access as guides

 Find what’s stable, typical, and most natural for the stream

 Avoid  pools, bends, overly wide/constricted sections, 
abnormal/impaired sections

 Survey additional locations if needed (e.g., variation in stream, length 
of stream within survey) or if time allows 



USACE Culvert Conditions – Field Data Collection

Facing Upstream Facing Upstream





USACE-
Provided:

Bankfull
Photos



USACE-
Provided:

Tough 
Bankfull
Calls



USACE Culvert Conditions – Field Data Collection

Add’l Bankfull Guidance* 

 Bankfull flow – elevation 
point of incipient flooding or 
“channel forming flow”

 Field indicators (in order of 
most to least reliable)
 Change in Bank Slope

 Depositional Features

 Changes in Particle Size

 Vegetation Changes

 Scour Features

*Source: Penn State, Guidance in Determining Bankfull Stream Width in Pennsylvania

 Tips
 Bankfull flows will be level across channel, so 

make sure your tape is level when measuring 
widths.

 Think logically about a 1.5-year recurrence 
interval. Does it make sense that the points you 
are measuring as bankfull will see flow with that 
frequency?

 On entrenched streams, bankfull elevation is 
often below the elevation of the “top of stream 
bank” due to many years of man-made impacts.

 Note that tree roots and other vegetation can 
exist below the bankfull elevation, esp in dry 
years.



USACE Culvert Conditions – Coordination with Design

 ESA Transmittal to Design

 Along with resource delineations, send 
Design any perennial stream bankfull
widths and corresponding GPS 
coordinates

 Avoidance and Minimization 
Measures Meeting (A3M)

 Discuss bankfull widths in relation to 
any proposed culverts; go over culvert 
requirements with Design

 Discuss existing culvert conditions (with 
regard to aquatic passage); advocate 
for replacements if warranted



USACE Culvert Conditions – Ongoing Projects

 Evaluate your existing data and whether it is sufficient to create the 
necessary culvert diagrams with confidence (Note: unlikely on 
current projects…)

 Was a 404 Permit DTM survey conducted for this project?

 If not, can you produce cross-sections with accurate, field-verified 
bankfull elevations? Do these match up with the current culvert 
design?

 Additional field visit may be needed to collect necessary data for 
diagrams  reach out to your project ecologist/Christina Schmidt to 
evaluate the best strategy for your project

 Also communicate as early as possible with PM/Design  design 
modifications may be needed; there could be schedule implications



USACE Culvert Conditions – Tips for Permit Application

 Provide Narrative and Photos 

Tell the Story!
 Supplemental PCN Question #7 or potentially 

a separate attachment in the future

 Describe existing and proposed conditions 
and how culvert conditions are being met

 Describe any unique circumstances

 Provide explanations/justification in any 
instances where conditions can’t be met

 Provide justification for extension versus 
replacement

 Include references to culvert diagrams

 Photos can have a big impact



USACE Culvert Conditions – Tips for Permit Application



USACE Culvert Conditions – Tips for Permit Application

 Diagrams  Focus on Clarity

 Review the USACE/GDOT diagram 
requirements/guidance and work w/ Design to 
match as much as possible

 Table of Contents page for diagrams 

 PDF markups to make key information stand out

 USACE is scrutinizing:

 Representative bankfull width vs culvert 
width

 Embedded depths 

 Stream/culvert alignment including any 
cut/fill that may be needed to connect these



Takeaways

• Work proactively with your project designer and PM during from concept phase through the 
permit application phase

• Begin with the end in mind: culvert width >= bankfull

• Prepare for your field visit by reviewing available, relevant information

• Gather accurate data in the field (i.e., bankfull)

• While on-site, gather photos and take careful notes on substrate and existing connectivity

• 404 permit conditions under the Clean Water Act are in addition to other related requirements 
under the Endangered Species Act, Fish and Wildlife Coordination Act, etc.

• Utilize forthcoming guidance and data sheets

• Approach the collaborative effort openly

Perennial Stream Culverts – Ecologist’s Perspective



QUESTIONS?



Break time – take five

Important Reminder:

• Two (2) PDH/CEU’s available for those attending 

the entire session 

• Email Gail D’Avino (gdavino@dot.ga.gov) to 

request a certificate by Friday July 30 – include
 Name as you would like it to appear

 Name of your employer

• Consider preparing your email during this break
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July 28th, 2021



Outline 

Engineer’s responsibilities

• Begin with the end in mind

• Environmental coordination

o Bankfull – regional curve equations

• Culvert design

o Bankfull – hydraulic modeling

o Selection of bankfull width  culvert width

o Culvert design

• Documentation & plan production

o Perennial stream culvert diagrams (39-series plans)

Context & engineer’s mindset

• Application / scope / Plan Development Process

• A complete 180⁰   

Concept Phase

Preliminary Design 

Phase

Final Design Phase

X  90⁰



Outline 

Engineer’s responsibilities

• Begin with the end in mind

• Environmental coordination

o Bankfull – regional curve equations

• Culvert design

o Bankfull – hydraulic modeling

o Selection of bankfull width  culvert width

o Culvert design

• Documentation & plan production

o Perennial stream culvert diagrams (39-series plans)

Context & engineer’s mindset

• Application / scope / Plan Development Process

• A complete 180⁰   

Concept Phase

Preliminary Design 

Phase

Final Design Phase

X  90⁰



Application / Scope

 Culverts on perennial streams

• Ecologist identified & agency concurrence

• New culverts and culvert replacements  39 Series drawings

• Existing culvert extensions  Evaluate for AOP & document decisions

X Culverts on:

• Intermittent streams

• Ephemeral streams

• Wetlands

X Bridges over perennial streams

AOP = aquatic organism passage



Application / Scope

 All culverts 

• GDOT design criteria must be met (or design variance approved)

• Agency requirements (e.g. FEMA) must be met 

• Engineering judgement should be used

 New or replacement culverts on perennial streams

• Embedment depth

• Longitudinal slope/grade considerations

• Bankfull width as driver for culvert width

AOP = aquatic organism passage

Regional Conditions requirements



PDP Milestones

Target milestones / primary goals

• Submit preliminary plans to GDOT Offices

• Environmental lockdown plans submittal

Development / coordination milestones

• Environmental Resource identification

• Avoidance & minimization measures meeting (A3M)

Check milestones

• Field plan reviews & constructability review



TRACK & DOCUMENT CHANGESAVOIDANCE & MINIMIZATION

PDP Milestones (Appendix O)

TARGET MILESTONE

DEVELOPMENT MILESTONE

CHECK MILESTONE



Guidance

Plan Development Process (PDP)

Final Design Phase
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1. CONVENTION:

2. MINDSET & APPROACH TO DESIGN & PLAN PRODUCTION 
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Designer’s Perspective

Begin with the end in mind

• Objective = design the “correct” culvert with respect to:

1. Culvert embedment at 20% of culvert height

2. Culvert slope  stream channel slope

3. Culvert width  bankfull width



Begin with the end in mind

Bankfull Methodologies

1. Regional curve equations

2. Ecologist field measurements

3. Hydraulic modeling



• Before designing culverts, read Perennial Stream Culvert Diagrams guidance & Regional Conditions

• Recognize which items directly influence culvert design (e.g. embedment, grade, bankfull width)

• Recognize which items are required on diagrams but do not influence culvert design (e.g. flood prone 
area, bankfull cross sectional area)

Begin with the end in mind

Bankfull Methodologies
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Concept Phase

Environmental coordination

• Project location / Environmental Survey Boundary (ESB)

• Existing culvert information

• Existing stream data

• USGS maps & StreamStats

• Field visit

• Bankfull estimation

• Regional curve equations



Bankfull – Regional Curve Equations

Concept Phase



Outline 
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Preliminary Design Phase

Culvert Design

• Environmental resource ID complete

o Ecologist bankfull field measurement

• Survey database complete

o Additional 404 survey no longer required

• Decisions on existing culverts – extend or replace? 

o Document data collection and decision making (ecologist)

• Layout & design of new / replacement culverts

o Hydraulic modeling of bankfull



Culvert Design 

• Extending/retaining existing culverts: 

• Existing single-barrel

• Improving AOP through culvert cross section modification 
is not usually practical, however

• Improving AOP may be possible through improved tie-ins 
of culvert extensions to the existing stream

• No hydraulic modeling

Preliminary Design Phase

AOP = aquatic organism passage



Culvert Design 

• Extending/retaining existing culverts: 

• Existing multi-barrel

• Evaluate hydraulic capacity of 
existing culvert

• If additional capacity is available 
consider baffling the barrel(s) not 
carrying the main channel to 
bankfull height

• Hydraulic modeling done only 
in this case for existing culverts

Preliminary Design Phase



• Objective = design the “correct” culvert with respect to:

1. Culvert embedment at 20% of culvert height

2. Culvert slope  stream channel slope

3. Culvert width  bankfull width

Culvert Design

Preliminary Design Phase

Hydraulic Modeling



Hydraulic modeling of bankfull - What’s the same?

• Delineate area & select appropriate hydrologic method

• Analysis tools (Manning’s equation calculators):

• FlowMaster, CivilStorm, Hydraulic Toolbox

Preliminary Design Phase



• Focus: culvert  stream

• Study area: culvert inlet  stream cross section

• Manning’s n-value: culvert  stream

• Approx. bankfull storm event in Georgia  1.5-year storm

Hydraulic modeling of bankfull - What’s new?

Preliminary Design Phase



Rational Method - intensity

Preliminary Design Phase – Hydraulic Modeling

2.21

1.5

1.5-year intensity = 2.21 in/hr

Duration = time of concentration



3.50

1.5

1.5-year depth = 3.50 in

Duration = 24-hr

NRCS – TR55 Method - depth

Preliminary Design Phase – Hydraulic Modeling



5-year storm (20% chance exceedance)

2-year storm (50% chance exceedance)

1.5-year storm (67% chance exceedance)

67 50 20

200

USGS Regression Method - flow

Preliminary Design Phase – Hydraulic Modeling



Inputs: 1.5-yr flow  +  channel characteristics (slope, cross section, n) 

Example – Hydraulic Toolbox

Preliminary Design Phase



Results: bankfull width 

Example – Hydraulic Toolbox

12.50 ft

Preliminary Design Phase



Preliminary Design Phase

Selection of bankfull width  Culvert width

• Bankfull data sources:

1. Ecologist field measurement

2. Hydraulic modeling

3. Regional curve equations

• Considerations:

• Bankfull width is a “fuzzy” number / concept

• Recognize imprecise nature & methodology limitations

• Reasoned determination supported by combination of 
methods above  SUCCESS

Primary metric

Additional metric



Preliminary Design Phase

Selection of bankfull width  Culvert width

• Considerations, cont.:

• Culvert width >= bankfull width

• GDOT box culvert widths:

• 4’ – 10’ (single, double, triple)

• Single barrel:     4’     5’     6’     7’      8’     9’   10’

• Double barrel:   8’   10’   12’   14’   16’   18’   20’

• Triple barrel:    12’   15’   18’   21’   24’   27’   30’

• Disregard width of wall between barrels

o e.g. a double 7’ x 7’ is considered to be 14’ wide



Culvert Design – Reminder:

Preliminary Design Phase

• Project team agrees on bankfull width (e.g. 7.5 ft)

• Culvert width equal to or slightly greater than bankfull (e.g. 8 ft)

• Store existing stream horizontal alignment & cut profile

• What is the average existing stream grade?

• Lay out (iterate) horizontal alignment of proposed culvert

• Lay out (iterate) vertical alignment of proposed culvert

• See regional conditions for limitations on culvert grade

• Tie in proposed culvert to existing stream

• Culvert itself

• Channel excavation



Culvert Design – Reminder:

Preliminary Design Phase

• Sharpen your pencil:

• Look at existing stream contours

• Visualize design in 3D

• Consider different horizontal tie-in locations

• Would a slight culvert extension or channel excavation 
provide a better tie-in to the stream? 

• Plan presentation reminder:

• Getting the size and alignment of the culvert is critical

• Reflecting this design can still be a challenge 
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Documentation & Plan Production (Final phase)

• Environmental lock-down plans

• 404 permit application

• Existing culvert extensions:

• Narrative on data collection & decision making (ecologist)

• Typical plan (13-series) and cross section view (22-series)

• New & replacement culverts:

• Perennial stream diagrams (39-series plans)

Final Design Phase



Designer’s Perspective

Plan Production

• Objective = convey design intent to audience

• Guidance:
o Perennial Stream Culvert Diagram Guidance

o ROADS  Design & Environmental Coordination

Final Design Phase



Designer’s Perspective – Plan production “PPG”

Final Design Phase
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Designer’s Perspective

Plan Production – “PPG”

Final Design Phase



Designer’s Perspective

Plan Production – “PPG”

Final Design Phase



ROADWAY ALIGNMENT STREAM ALIGNMENT PROPOSED CULVERTCONSTRUCTION LIMITS (CUT/FILL)

Final Design Phase – Plan Presentation



ROADWAY ALIGNMENT STREAM ALIGNMENT PROPOSED CULVERTCONSTRUCTION LIMITS (CUT/FILL)

Final Design Phase – Plan Presentation



ROADWAY ALIGNMENT PROPOSED COMBINED ALIGNMENTCONSTRUCTION LIMITS (CUT/FILL)

Final Design Phase – Plan Presentation



Final Design Phase – Plan Presentation



Final Design Phase – Plan Presentation



Final Design Phase – Plan Presentation



Final Design Phase – Plan Presentation



Final Design Phase – Plan Presentation



Final Design Phase – Plan Presentation



Final Design Phase – Plan Presentation



Final Design Phase – Plan Presentation



Final Design Phase – Plan Presentation



Final Design Phase – Plan Presentation

Longitudinal profile of existing stream channel



Final Design Phase – Plan Presentation

Representative Cross Section

Culvert Cross SectionCulvert Cross Section



Wrap-up and Key Takeaways



Takeaways

• Work proactively with your project ecologist and PM during from concept phase through the 
permit application phase

• Begin with the end in mind: culvert width >= bankfull, grade, & embedment

• Bankfull storm event to use in Georgia = 1.5-year storm

• Change your mindset and approach from designing a roadway cross section/culvert to designing 
a proposed stream profile

• Sharpen your pencil to get the design right & tight in preliminary design

• Requirements to comply with permit requirements are in addition to other criteria from GDOT 
and other agencies such as FEMA

• Utilize upcoming Perennial Stream Culvert Diagrams guidance for preparation of 39-series plans

• Remain positive, proactive, and focused during ecologist review and comment period on the 
culvert diagrams 

Perennial Stream Culverts – Engineer’s Perspective



QUESTIONS?



Recent Training Webpage

http://www.dot.ga.gov/PS/Training/RecentTraining

Link to recent training on-line



Recently Posted!
Wednesday, June 23

Section 20 Plans:  A Mindset of Collaboration 

Donn Digamon, PE,  State Bridge Engineer

Sam Woods, PE, Assistant State Roadway Design Engineer

Chris Goodson, Ecology Section Manager

• The connectivity of constructability and permits

• Project schedules and timeliness of Constructability and Final Plans Development phases

• How each team member contributes to the Section 20 process and plans

Construction Envelope Permitting 

Dave Hedeen, Ecology Section Manager

• The concept of Construction Envelope Permitting (CEP)

• The application and limitations of the CEP concept

• How design changes and post-let changes may be addressed by CEP

• The requirements for implementation of CEP on GDOT projects



Recently Posted!
Tuesday, July 20

Joint Coordination Procedures: Streamlining Consultation with FHWA and US Fish & Wildlife Service 

Chris Goodson, Ecology Section Manager

• How and when GDOT coordinated with federal and state agencies

• Opportunities for environmental process streamlining and schedule recovery

• Current and future incentives for prioritizing ecological design

• Which design changes do and do not require reinitiating agency consultations

Ecology Post-Construction Stormwater Report 

Dave Hedeen, Ecology Section Manager

Brad McManus, PE, State Roadway Hydraulics Engineer

Sarah Jones, EIT, Water Resources Engineer

• The purpose, applicability and contents of the Ecology Post-Construction Stormwater Report template

• Common water quality terminology

• Reasons to build a post-construction BMP

• Reasons to not build a post-construction BMP



Posting Soon!

Wednesday, July 28

Perennial Stream Culvert Requirements: Design and Delivery Strategies

Sam Woods, PE, Assistant State Roadway Design Engineer

David Hedeen, Ecology Section Manager

Following attendance at this session, project managers, designers and environmental staff will understand:

• USACE’s Regional Conditions on perennial stream culverts

• The concept of bankfull width: definition, methodology, importance/relevance to design

• How to design a culvert that complies with the Regional Conditions

• How to address perennial stream culvert requirements, including diagrams, in Section 404 permit applications

• Project delivery implications for projects with perennial stream culverts



QUESTIONS?

Dave Hedeen

Georgia Department of 
Transportation

Ecology Section Manager

dhedeen@dot.ga.gov

Sam Woods

Georgia Department of 
Transportation

Asst. State Roadway Engineer

swoods@dot.ga.gov



Follow-up and Thank you

• Request PDH certificate by Friday July 30th

• Many thanks to Brian Stocks, producer

• Special acknowledgement:

• Christina Schmidt, Atkins Ecology
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